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HICH£, «£tg * 31^1 ^5! SOI3I0IIHM Hl^ofe ^SUh 0|BI» g*g|OII °|oH HI^S SI 01 EPF HISSCh SI0|E|°| a 

He OlMoHAH J\&m Hl^ofe ^S0j| SiOUH, HI 12|&¥Hm HI 2^IB¥XH^ ^, HI 2?l&¥Hfe HI 1^I^¥XHS| ^2 Oil 

HI lii HI 2S°i 311 a Oil /H HI 1^IB¥HI^¥Ei S&IS2SMI, HI 2#g HI 2PI©¥XH^0|| S^SCh SBIOII &OUi, HI 1 gJ HI 2S3 S CHI 
AH°i ^^I^IXl^ Cf£U SiSSj CfgEI SSFAPI^ Qgi SiUiHj gS0|| £|oH gOISMI «£P^» 21 t*£ofe 31 2 Oil 

oie^se Uofc oiiEH^oii ni^^^i^s oi§sk= ^goii sjoH *t£Joi gsiisck 

ciihe , 

SAJiAi 

E 1A, 1B, 1C ^ 1Dfc & ^SOil £lEh 3I&S Hl^ote »ffl£| gJOIIS SAIofc }H^ k E^E 

£ 2A," 2BT2C, 2D, 2E »'2F^S V&«| Hj&h 3'lS* Hl^lofe 2I.OS ~flT« SAlofe*" 5f^Bei£ >" ' ' " \ - 
'E 3A, 3B, 3C, gJ 3Dfer « VSON °l£]OI&p Hi^ote Sffl2| E CfE 04! M SAIofc ?H^B^E ' " ' ■ 
E 4A, 4B, 4C 4D£r g WSOII £|ff JIM Hl^ofc EE QB OjIM SAIofe JH^E^E 

E 5A. 5B gJ 50^ HI I^H^gg SAIofe JH^BSE 
E 6A, 6B 9! 6Ci= HI 2SEDg*a8 HAIofc JH^B^E 
E^HI ^S^^BJ CH& ¥S°I £ S 
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S B£ExlPI5r2l HI Oil Bff CH & Ail 6^1 b «a»»He £Eb 121^ BlSySliOIL £b SDIB^°i B^SsfiJ- 

SS>5Exl|0i! a»PUJ0|>fc 5Eb H £ ofceilOil 31* eh «E»PI»2I HI ST 8TB Oil Bff 2 01 P. 

b~is siysaissi ^aie s &i^eiloiEi(soi)3i±^Ai yej a bus sin, sis^si^s xii^sfe spibohai 

i= 4= gib Ql&l ^l£M SOPIAS 0IS& PdFOI^f 3J-XIH Si^l ttHSOil 01 ^l-XI B^ SoHXl 5tP. ^ SODIUM 0|§ 

eh 20||/d. 

1. saaiwepi- goiom, ma^iPr ^o\n t 

2. cH»Ahfluiaoi floms," 

3. ¥^e^0| XH^EIOi H^SPf ^^o[2, 

4. igSl^^i^^ 

5. BHxISe 4* 2i:Q, 

6. ^°|moil °lef ^§11 a3||fij» ^&X\±B\D\ ^te'SfCfb e^i £M 4= SiP. 

OIM ^S^, OjIM MS, 01 Sei CHI ^ All SI D\IW5\0\ SIP. Single- crystal silicon on non-single-crystal insulators; edited by G. W. Cull 
en, Journal of Crystal Growth, Vol. 63, pp. 429-590(1983). 

SEel i£je 4^^011 Si 01 Alb, SOPr MOSFET°i H^Sr, Xi^dlS^SrS ^o r b JIB^^AH ^HJ[ 0\^0\X\ZL SiPOEEE SO! confere 
nee 1994). ■ S-&.SOI : ?S»"^'«-6f-B £XI;2| or¥0|| ^B§0| SPI- OH SMI = 3 Sffil 0| ffl tfOII^-W* -9 <S -SferS^a idl-^ofrAH ^bd|M^ 
Ail^S 4- SPI CCH & CHI CI dK)I^MS/dl^SS 0| 'B^SP. P IQ«teS& PMCH ^3 Si^°l MOSFET, ICOil dloUH 3IO|B|3^M f 

woiffl3^e.sj £ir^AH£j nDi^mj\ ^laia^i sip. ■ • 

^ol, &SgSl MOSFETb s^OII £|& H^sK X^dl2^5Pr ^ICH£|H SIP*. MOSFETB ^XlS^(Vth)^ IJB^^^b xH^¥ 

°J S£Sfe£OII °loH S§£IXIB, SOIM OlSel- &a^91KFD:Fully Depleted)MOSFET°i S^Oilb gSS^JHPr SOI°] ^#2J g^E 
Sth m&M, Oi^e*]§sJ^S 4=g#~>il D Ji^l ?ioflA|fe SO|9|^°J ^EJ£0| &o[D\\ fi^£jIQ SiP. 

SE&, »»SB}SE»I^£| C|d r 0|^b Si Oil AH b <*m 4* gib Hg^, OjIM MB, H^, ilii PrXIJ) 2iCK ^IHb 0|M CldrOl^hr >i °i GaA 
se°l »»S&EaPIB6K)|| Olini^^&HJ SloH ^^£132 SICK 3filU, »»SB£EaplBS H3\Q\IL, ^H, □B^ ^|0|lt| 

b XII^OI ^^ofPb S°l SHIS 01 2iP. 

oi£f 3°^¥Ei, s^rom, Pi34i^ ^n, chb*h ^ioihhs n\^m 4= sib siaioim^oii mmm*}^xm siiEii^oiini^^^SAPi 
b Ais^f mp. 

SO.Die°J ^^Oii B^b 1970BGS¥E-| Ir^oHXIH 2iP. S^IOIIb I? BUB A r n r 0| 01 D\B 2| ?|0|| B^S Sib SIEISOIini SJtfaSSI- 
b »a(SOS: Silicon on Sapphire)0| Lf, DfSi Si£J ^»0|| °leh ^2^l^£|0il 2|» SOI^P^S g^Srb »a(FIPOS: full isolation by porous 
oxidized silicon)!! 01 B^EISIP. 

FIPOSS^ Pm SiB^SOJ&HBOil smm H^^0|^^^j(lmai et a!., J. Crystal Growth, Vol. 63, 547(1983)), £&b Ojini^^^&HI- EH EH 
y Oil £]oHAH £m&°^ W£olH, £22^¥& Sigm mZim^m HFg^^SJ g>^s^SOII SISH Si^lBBM Cr^^sr^ ^, e^^^dii 
HloH NM Sigm ^2x-ilbcl|o^b ^SOICK ¥ Oil Alb, bd|£J0i Sib SiS^g C|dhO|^g§£| 2 011 ^§£ICH Si^H^, C| tt\ 0\±M1\\ 21 
Xr^£M fll&Sm SiP. 

^^OI^^SS^ K.lzumiOII °|oH xi§2£ SIMOXdfH ohb ^SOICK Si^lOIBHOII <L^0|gg 10 17 -10 18 
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rfcS^PI^OII/d 1320°C§££| 3S0IIAH OH y 14 BP. 3 SUK 0I^£J2| d|§ (Rp)Oil ^iforb liOIS g£J^^ ^gJS £h£0IS0| Si£^ 
^BoHAH &m S\mO\ ag@P. 3 OH, tt® SiS2| 4^2] £hkOIS^gJ0|| 2joH OrMIH^srB Si#£ JH^SsfoHAH 9S§ Si#0| @P. H 
SHI Si^eOil 5& k £Jbr e£H 10 5 /cn^ BtSWCIEh <L^0|£2] ^gJSS 4x 10 17 /cm'^eo^ B2SM| ot io? /cn\'J)[X\ XHWfeQI ggor 

2 2AO. 3EHU, #»SiS2| ^S, S3 Si#2j S§^§§ ^Al^ 4= 21 £^ B ^ 2J Oil Li X| , ^gj^2| 2^131- gl?| ffH^Oii S3 SfS. 
S SiS(BOX: Burried Oxide) 2j Sj^fe ^§oj gjo^ j||B£|2 2iCf. 4i&2| a^°| SS SiSS EPI ?l oHAHbz Sl^sr £b OHUmflflS- 

. 5ioi na&o. n s?, 3**21 ^soii^ oim h^aii^oii 21 b asp* mmziJi w^m qi^ esaoi s»»a:n #fc ^msoi sack 

SEB, BOX^r HrO|HP2 ofe £^ Si2| H^M^S^OI ^XHS^ 3S0I S3£]3 2iP. 01 ^°12J orU^AHbr ^^A|BJ 2X|^2| 0|S0| 
£]2 2iO. UrOIH?!- ^JHofb ¥^0ilAHb X|'X|3|&Ar0|2| VSOfl 2joH OH*0|^«2| g*«SMI SO. 

SIMOXSH2I OlS^gg S#2| S*£SIHSA||^OIIA| Afgofe 0|£^£J0il dloHAH OI^^^^O! BP I ttHSOII 2§2j SxPr 3H^£I0|£ 
AIZ*g HO. OlS^gJg ^§2] 01^^'g M^EI^asPIO, SI %Qj oH AH H8HXPI HH^Oil 3I0IIH2J EH 3 3 sr Oil PP ^£JA|Z}2j 

edPr 0ll#8O. SEB CHS^ SI 01 El 2| 281^Blb ?||0|IHL||2| S£^S0j| 2|B ^g*«S2| §X|| HH^OII 0 CH3?-i^ 5101 0||#@O. SI 
MOX^SOUHb 1300 o Cp2 orb: Si«£SIHSA||^0|| AHbr AtSStXI Sfb 220UH2J ^xHciPr H^OIH^ QX\JW^m SB6HA) 01 g 

»|2| eagoi ch^ ecii£i2 &02 »^so. 

SEB £PI2l- &g e&H2| SOI2J l^^Sih SBES. £12 SiB2§Pie5 a§ SiBSSPieoil ^aHP SBXII5 Ar^oHAH SB 

oH AH SOR3EM l£Srb ^SOI 12 2!Ch 01 ^gOllAHb PbhOI^SSe ?1B i^il 3^of3j| ^^^^ ^fi^l- 2iCK m 

^^|£J Si&^S^iee /^2CH SEb 3 01 ^fi^h 2iP. 0| ^§K)lfc 0| ohSh ^01 3^^^ ^^0| 2iCf. 

1. am on si e awaa^a 

2. ^± S£F^DK)||S0II BIB ^Qta^^a 

3. as; on a on 21 b ^ofaaata 

12] ^DfOilAHb 3^S^| ^^Ifohb 5101 ^^ohP. ^o| AHM/mi2| ^l^ste ¥7)112] ^^(fluctuation)OI 4^4J%U £1^1 £101, 01 
b e ^Zll^^ £12 2iCK SEB 3I0|S|2| Q\=?^mJ[ S^£IS 3 £^£b CH^ e^hBP. 

^S2b 01 £1 12| 1 ~3Am§£^X| ^sfel ^, D 4f^51 2 S CHI AH 01S.-jS ^SoHAH 3 ^Oil 01 °|^^S0|| 2J>|oHAH ^ mm2J 

SF 6 §e Af88 m&^n\m ^M^^^lrt ^gSl SSo^AH OIIUoHAH ^^2| °|«^AI ^S|^Ba. 01 ^SOIIAHb 9f?g5i ±10nm 
^ ^ 2ib 51 01 M3£J2 HQ. 3B|L[, SBF^DhOII & A| Oil 5IB6T0|| OISQI 01 OlgOl OIISD^a^ H^L-MSOII Pl»^0|| M 

§ ^ £MI SO. 

M£f^DK)||fl^2| 3Sg TiiJ^I CCH& Oil S^^DhOillie^^OII Eixl2!DP^ ^fiohAI&l, 9J0HP2I XilCHb A|ZJ-£hE|01l 2J5HAH ^oHAPI HHSOII 
ijgo^oj xHI CH ^ PiO^Oil 2IB °|°^52J ^§{-^1- J|^£|2 2iCK SEB PJOWIAHb: M^0| ^^£| 3[^9\ &U\MJ\ #^#0| £Jb 321 
S^o^l ttH^OII pjDK)|| 2| B n^#2| IS, }^£§2| £^J£ S5|@CK SEB, ^lOIE^h CHS^s^ 3 S^OIIb ?j|0|IHS^2J S 01 Oil b)|3l 
oH AH M^^DhOIISAIZIOI ^□6^1 OH ^ Oil H¥^M2J B7HB 7Ho^£ 

3^ Did! ^Q|SF3te ^IEK)il ^^OHH^sB °|-a 35 B50i ^Oi ¥b ^SOIP. OilS IS, ^le^OII g^M 10 19 /orfOI321 fe£ 

^ s^b p + m si2j sis^f p§ si2i ^mm oiini^^^se^j °jg2g ^sshah m uibh^ bp. 0151s ^^^21 i^§i jhxhohah 
m 2J\^nt sub m i^i&2i oism ea^, aohoii 21 oh dibi sh^p. 3 m, pmm^\ d soils' oil 210H p + mm seb p + #2j ^ 

' ^-«r«iSlr2| oH Pill km SO\^^M : ^kMW^b\tr : v 0\ ■W-i-S"Mas2&ra*0|| L -a oH ^^ISrM'Msi Ol'^PCW? P?Marsiara; J. eie.ctroche i 
* "m. Soc. Vol 138, 341(1991)). * 

^^OilS^ e.^B ^eisFOil ^S6^P2 £|Oi 2iA|°l, Cfii ^MJl SIP. 

(1) ^^dlfe 2t 10 2 OIXIEI. g^ShXI SO. 

(2) 0ilU^2J HHOJ S ^1 ttH^Oil Oil S 1 ^ Oil HXIHDW iflSIO. 3BILK 3 ^HK ^^^1- ^A|0il °^2| ^P 
. SEB 2D^^ PJD^IZIOil 2JoH 381 01 £1 XI B, PJD^£2| HHSOII HI 01 CP I CH^P. PPAH 100nm^2 6^ SOIS2I ^^Oil SiCH AH 
^o| ^MD\ SO. 

(3) Olg^o,, B£° SiS^2J OHHI^^SS SE^ o||E||€0||ni ^i^ 3 95 A^6h2 ttH^Oil SOI#2J SS^OI P^P. SEB HI S 

»B2i aaasE 56f2i swioiiHMo Hojao. 

3^1 §18 C. Harendt et al./J. Elect. Mater., /Vol. 20, 267(1991), H. Baumgart et al., Proceeding of the 1st International Symposium on 
Semiconductor Wafer bonding: Science, Technology and Appliations, (The Electrochemical Society)Vol. 92-7, P. 375, and c. E. Hunt et a 
I., Proceeding of the 1st International Symposium on Semiconductor Wafer Bonding: Science, Technology and Applications (The Electro 
chemical Society)Vol. 92-7, P.165. 

SEB £j^0il§2j ^^^21 m^ms\ ^£x|-2r 3 ^01 ^H^II^2j e^^Oil 3 Til 2J^6 r 2 SIP. PPAH Si^Ef feOPI ?IB 

2^2J ^SCHyUOIP i^^AI^PI ?|oHAH 2^2J Oil 111^395 ^or>IP 6r9, S^Sfe£2| ^01 ^&^S^r ^0HAI2, 0il^2J 

^^^oi mmmy\ sp. ^, oii^2j ^^0121 b^ a sb^£°i ^^^2^ ^bisp. 
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£12, SUISia 0|2f 3g SSI3S oHS6 r 2, D 4?5^S0m S32.0I ^ICHUH, dNXIxHSPt St SOIS3M S2HCKT. Yoneh 

ara et al., Appl. Phys, Lett. Vol. 64. 2108(1994)). 0| SHS HI 1Si3l»(31)#£| a§§S(32)M GJSiOIISMISS/d ArgefCh Cr^U#(32) 
oj o| on U |p3§| Si S (33) ^ Oillll^g §A|^, SiS(35)S ?H XH oHAH HI 23IEK34)j» S &AI2J Ci(£ 5A). HI M\mm 0|£o^ 

¥Ei B**S2I a J32g ^ififo^, :M»aB0|| ?±0\M aSi Si#M ^#A|£JCK£ 5B). aS^#(Si)M KOH, HF+H 2 0 2 e°l £^0il 

Se"0|| 3oH CHIS oH AH HI 5C). ojcffl. CrSi! Si£| ^3 Si(b|Ct33ea9 Si)0|| CHS Oil 8 21 £^tilM 10S.HJHS g^ol fe^il » 4* « 

31 HHSOil D|£| aS§!S& h 0|| blCfggy^S Si#(35)M o*M H2\ a^Al^lfc iJ&OI HI flOII br3UH SODI&S 4> 

°iCh EDdfAH SOIHI 0**381 «S OHHI^^^&AIOII >i°J 3§t 4- 21 CL 0||Iim«g9£ ^IH^Ait^Oil AH A^g£|b CVDSxIS Ah 

gg> 4= ffH^OII Ai£&£| £2(SSDM 95)0j| £|o^, 3 5^^^, OIIS 12, 1 0Onm±2%0| LH 3i ei£j2 21 Ch SEB - 0i|H| S< « Si#£J S 
g,^6f}l| 3.5x1 (pfatDi M2EI2iCh 

Qgi Si sms 1956^ Uhlfr^OII HJoH W£Efl|2| "aurHEUSI B^PSOII BtaaaOlA. Uhlir, Bell syst, Tech, J., Vol. 35, 333(1956)). Qgm Si 
b HFg^OIIAH SDiasi g^»OII °loH SSS 4 s 2i°0l f S oH CHI S Oil 9\o]\ ^3 SIS'^H l*£!£ib Dl£» 3rS ^SXIfil#« mX|2 

flO. 0| g^»SI ^221- Sf£| U| 7H8T0II CU&r ffl»SHieK 2f nmSj xigg ^X|2 21°Oj, 0H« S3, 10 4 /O rr BJ &J£S aSSCK 

*?lph)iss &^sfaisi sisj ssH^ee 3^3*2, hf§^lh°] si£j ^£f&i§g ssoetuoi ifiofah 3tm M2xKa. . oi a J§g a§ 

3I- BQ(T. Unagami, J. Ele'ctorchem. Soc, Vol. 127, 476(1980)): 

Si + 2HF + (2-N)e + SiF 2 + 2H + + ne" 

SiF 2 + 2HF -* SiF 4 + H 2 

SiF 4 + 2HF — H 2 SiF 6 

Sb 

Si + 4HF + (4-A)e + — SiF 4 + 4H + + A.e~ • 
SiF 4 + 2HF -» H 2 SiF 6 

OPIAH, e + §y e'b ^ 3S2f SX*M SA|o>2 SIP. Efi n ^ Ab ^ 1^XhS| SiSXPt goHSPI ¥1 oHAH Hfie! §S°J 4*01 ffl, n >2SE 
b A>43i £ib ^301 MS 3¥0|| DSi Si^h ^^£Jb SCHICK 

01 SH0II H|o^, §g§ Ss^offe P^ Sib Dg^^£|X|°l, Nti Sib W^^S^XI SfbCK 01 CFSHsfOII SiCHAH^ ^!^^^ "LPFicS ^ 
01 Dl-01 Oil °|oHAH ^^£]H 2iCf(Nagano, Nakajima, Yasuno, Ohnaka, Kaiwara, Technical Research Report of Electronic Communications S 
ociety, Vol. 79, SSD79-9549 (1979)); (K, Imai, Solid-state Electronics, Vol. 24, 159(1981)). 

mzwsi ^soiiAHb oiissi m^s^s^i xi2\ n ^oi H^n^oii 2\oin uj\ ih^oii y^iofe ^xH£i°j ^s(s 

m, Olini^^^S, ^lf§)b ^ 800°C0|o^ B^l Hl^aOH Si CK e.^. 0| ^g0|| SiCHAH°1 OllUg C^^HI- ^BeiH orb ^P^^l XlOr OilS 
°J tOi ^ Oil ^xH£|^£2J HI ^ mi, 1180°C§£°I mXl£\D\ ^^oiPb 3ti0| 3292 2ia. OIIS IS, ^ 

xH^lb ^l0|3H^|£|°i Sl^ti ^0|H, S^?IIB0|| ^^orb ^^(Void)°l 4^, 3^IS ^A|5lb ^1 01 ^ 3 XI 2ICr. 5£^, OJEHeh ^x r 0il 
HJ^th OIIDOIIAHb Cl^i Si^Oil 0IS0I 2AO|£ S|^e^^0|| S§§ 0|X|X| S^bCF. 

Eel, ^a^S CHS£|b ^¥Hf^^l&^0ilb iP£S 3 S§?5SJ ^HAH^o^^rfj ^^ISi#g ^IBHJ ^^AH^S ^SoHAH bl 

.SilOlU ?l55!8H.Qt.CKaa8Jtt,QII S-XI. ^QKJl.^^£|,,Q|-dhQI:^b Jl.^^4^ :^ 2i 

s*oi f 9X1 siee 'ki^ssHE &ks\ esssi ^ a'o; ' • ' . '' 

BB, Si^^I AiSB &}£xlPIE^ ^HA| 2DHH] ^lOIIHM 3[2, 3 g 1 DHb CH¥^0| SOhOil D^OII 2J5H HI>i£ICH tH 3 XI ^1 

SCH, ffSS X|^?2J Xr^M yblor^l SO. 

Cr£f AH , M1J0I °^§l SODI&M XH^^^^il Hl^orb SAICKI, §A|0j| ^|0|lt|°| XHA^g^Oil £J&[ X^^^ ; SL^^Q^m M^o\^ ^S0| Q 
932 SICK 

S^SOjl SiCHAH ^dl£|CH tHdlb HI OI&§ XBOIgoFb ^SOI iie A^^Xl^OII BjoHAH 3292iEr(^^^ ^^HS 07-302889^ SAilAHOII 
^IXH) 

S^e^ Cfg^ SiS Afgorb Si^0il§!^0il ZlO\M, Hi OIBs 0|^^S¥Ei 3^, '0HSS2I ^ S Oil 2|oH ^#5foHAH C r 5^ SiS ^#A|5|b ' 
g§0ii □<MoHAH 0lor£F ^Si XHSKQ. 

HI 1SiPI&(4l)£j SSii Cf3»»(42)& ^, 3 ?|0il E+^S Sig(43)g §^6h2, 01 Ef^S Si#(43)^ HI 1 SiPl B(41 )Hib CiB HI 2SDI&K 
44) °J W&m(45)m ^HXHoHAH gif^CKS 6A). 3 ~, Cl^mmOW 2loHAH S^S ?H0|2jS ^^o r 2(£ 6B), HI 2Si^l B(44)^ °J S3 

Oil Dg§ SiS(42')# /H^^o^ xo&o^mi sOPISrs ^^S^b 20IQKE 6C). ?li0|IH°J ft8 ^lOIHOII S LH Oil ■ 

□ oHAH 

4=^I^E^^ CH^ 3LHS 3^6 r 7il fgB £Eb St^S ^rS r 2; 

^Mme^i ui^oiiLHxiM ^^o^2; 

^lOIBie^OII Cfi^il H^A|3j, Cr^^ SiS OH^ §SE 0||S6h2. 0| Oil^^Oil S£b v 2F 5!M ^EJo r 2; 

^|0|IH990il Q^mmm S^A|34, Cigl Si Oil g^oj ou Mm ^o. & s g E^IOimS »!• ^r^ S&b ^ Pi Bid ^x-IIS Si^A|3|2; 
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HI 1(Ei= HI 2)9] 3IB0II CHoHAH HI 2(Efe HI 1 )2| 3IB0II ^S^a^^ S§ :»»fe S2| ^hS Oil 2ioH Cf^i! Si#M WjHBCKQ ofe 

0|S ^ h S^ E¥ Q3S Si2j Cf£E(porosity)0|| ma P = X|B, ^3 SiMQE ^Mo| ^o[CQ »ztSte 51 Oil £|I>J3Ka 91Q. 

OWm §3, 50%0|E, J\ym^^b= ^32| ^Oian ^^C[. ^ §1,^1 01 Hi Oil oig a ^ gc^i °ai Qf^g SiSOl 

n^g^i so. Eeh qsei ^aisis ^ agiii hkqis- 4= sick 

SEtt, QSE& C^i#2| ^|^gO||AH D^i§£J ^IHOil ClioHAH q*B0| S6[b X|I32| b|S§ HAIBCh 

3£iU, SJg^ 07-302889^2] g Ail AH Oil AH ¥fllLH2| ¥MS»2| ^£|^|xlfe *flS» ^ SJ^H^, 0I5H& 31 

OlfflOhCf 3»6H?I [Qi^Oil 31 01 Hi 2] 4^01 ilCHSQ. JilCPL WOlfflSI ^Ei^Oil tfg Cfgg Si#2j ^fllfe ^Alol HgftCf. I^AH 
i«0||§8 n3SSA^2| SOI HI ^ Oil AH b 4=§0| SOlSCh 

SEB ^JHS 8-213645^ gSOil OSaSOII 2JoH «aSfc »S0| ^IXHEJOi Q3E2J S^gOtl QioHAHfe ;>l XH9 CH 2iX| 8TCL 

nam i996*3iisssa*«ioii:na p.673oii ^usj ch49k>*soi s^m e^oiiah bsfais/h sm hi^skh hck 

gjg^ H^HS 8-21 36452a g^OilAHfe ^£l§2j 01E ^IxlOilAHE Ba?f HOiU£s ^|JH£iOi 2J°Qi, = ^a^lxIS a9tt 4= g*CHl Shb 
50ICK 01 3?, ^1 OIHH SLHOilAH BWOSa SiS2J ¥flPI- £§6^3, Dfgi SIS OilUHCH efQ3oHE d|C*3a&ag2S ^££Jb W£S 
2] OHH^E^ 001 OfH &Sa#(Ptih0|>;e)0i|2| Sin £§2| §|ojo| £|3, fiEB B#B»I Afg&Cfn oHE fiS S^0| 3QiS y^ii aa, 
EB 1996^5iieg^S|^SI0i|IlS P.6730ilAHE Ebr o*¥0||/d ^a^ ^CHUAH, 2,^1 0| Hi Oil BWofc Ch3§J SiBm H\D\9t SS^I- & 

MH2j Si SODIB« ^1 oH AH Cfg^#£| Oil^^S^ H^Oiaal ^SiaCL OilUSS^ 3IBS| Oil 89 XI Oil °| B*. 

onssxia oiiUHiesj &a, oiis^£j ahssoi asem. a>£FAH sodi&hj Hi^Aizfg oiissse ^ mX]o\ ^±A\ 

« 4= AO. 

s am sopibss chssi^, si^^ij ^sxipiee Hi^ste ^si Hi^ofc Gil aa. 
hi i*a oi hi oil eiSSHAH hi 2mm j\b hi i^i&¥ihs ^oiote ssm, 

HI I^IE^XHM HI 2^ I Hi Oil Siofb g§HK 

HI UIB¥Hi£f HI 2^IB¥IHM ^dloHAH HI 2#S HI 2^IB¥JH^0il H^l^ g§i ^bloHl, HI 1^ie¥XH£h HI 2^IB¥Hi°J ^dlfe HI 1#^ 
HI 2#AhO|£l ^SOilAH ^oHXIfe 3!^ f§25 &Q. 

0ISK SSfl/ri » ^AIOIIM ^Ailol ^SehCK 

E 1A UiXI 1D^ ^ MOIj Sie 5IBSJ HI^^SHJ pi^^ei OilS HA|»CK 

£ 1A0il fiA|& b^£f B0| f HI lS(12)Hf 0| HI 1 S Oil &i"§oHAH HI 28(13)§ HI 1PIB^M(2)^ SblSOi 

nan, e iboii hai^ o^h aoi. hi i3iB¥m(2)a hi 23ie¥H(i5p* s&^ck (i4fe ^ 2 sai^ck 

QMOil, E ICOil SA|^ H(2f SOI, HI 13|B¥ffl(2)» HI 2^IB¥ffl(15)^h ^£l§2^Mj, HI 2S(13)g HI 2^IB¥XH(15)£| aHB(14f)?|0|| H 
^£1^ HI 1#(12)2f HI 2S(13)A*0|o] ^il^OilAH ^CHUHS, HI HI 2^1 B¥ HI (15)« Oil HI 2e(13)2J E#B(ga^)(13f)?|0il y 

xi s^ba. 

a AH , E 1D01I SAIeh b^f ^0|, g&SI 9IB(3)« HI 2#(13)°i inzS2(13f)2i <!d^0ilil E^ ^^2Q^0| 4 s ^fioFa 
}|&K3)°J HI 2^(13)2] E#B(13f)^ b|^»Sfl^l Oil Ai ^xHdlS^J S&sfxH£|M g>M 4- 2ICf. 

^ ^ SOil AH AF§£I^ HI OiB¥Hife ^OIE HI HI 2%m S&ohOI, 01 HI IS ^ HI 2§^ QB ¥XH^ §^£i>iU t 

^ hes ^aa. 

HI 2§25A1b OlPg^'eOI Al-gSCf. Hi 2§i ^£6fe M^2\ ^X\\™°\ Ollfc *Si» GaAs, lnP§2J sH^M^SHI, 3£|3 B^M 5^ 

6Fxi°i f oi y m on on si§£ib 3ie oma. e^ oi^ ^e §g sj-eai 2^1 s^ioii msm mo.^ &°w, hh eh y xh b.i chi 2J0H ¥^^°s oil 

S'5HE E&f 01 EH b|C[gi§ ¥I0||^ ^§m^2J I2§§ ^^SHE Sp. 

HI 2^l&¥XHfe Si¥Hi, 3 Oil Si^sh^OI §29 Si^XH, ^S, g§^§, Af^OIOI Efe ^£|5h^£^ §2J ^^H^¥XH, E^ ^¥XH 

OlOiE SXiei. HI 2^I&¥XHS ^£ofe XH^^ 0! CHI ^S£lfe 51 ^ OfLIQ. - 

HI 1^I©¥XH2F HI 23l^¥XH£z BS ^ E^ P^aS^Sj 5j0| b^^oFQ. 

§i^2J ^^Oife, HI Oie¥XH2f HI 2^IB¥XH2| ^CHE 6m 2j HI2HS2?IOil ^^^§21 i2§I ^^5f3 01 m&^M ^HXHoHAH gj= 
^IB¥XHM S^ofe ^01 b^^SFQ. E 1ALHXI 1 HI 2^IB¥XH(15)2J Oil M£#(14)s g^o^ OiiS SAIehCF. 
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HI 2# M0\°\ 31 2! CHI AH ?\o\0\ 0\&& 3112 CHI AH agiif AhSoHAI ife OlEj^ 31 2 Oil AH 0|£^2J01| £JoH 2131^^ 

S Qf» ME\|#S i*£otl£ SO. 3^X1 0|2He! 313 01! asg ££JoHAH }|3I^H^ ^eh §£oH£ SCf. 

^dlhr, OHM IS, 2iS h ^, SEfe 46H3IOII £jef §J^°I 2J2*M Dm$= ^S, 5§D| EEfe 2J^ofe ^S, #SK)II £|oH Dfgi SiS ^ 

^2S?Ej S^AI^Ai pgi Si LH01I UA&m g^9^£S ^^oHAH ^g^g.msHHU SOII 2JoH agtt 4= 2J 

2U, OIS &mW e[§£l^ oma. 

CfMOil ^ISM !£Sfe Oil QjoHAH ^g§a 

oiiE^ojini^AiHi xhs°j x[ou 9\m ^x r ^°i x[o\^ eioH ihs aioihi mieoii se*= oum^soii a»oi 3101 aa« aa. ee» 

23121 siiEis si^i §^of^ oissiiEisoirnmAisi g-^oii, zjw°\ onnmas-si ^m°\ °\?\o\o\ 2^0*011 ^mo\ ehepi ^o. 

Irc\fAH, ^^Olini^^eoilAH AH si CfE XHS^h CHI HI ^ « SWB. 0|EH & ^^0||EI^^#0|| a&0| EgjSQ. &3| 312^ 2j»#4*2| xFO|2h 
£S0j| £JoH ^oH^ 4= &°01, o|£|- H£ 31 2 Oil AH gSU ^ »0. 

^£|g^ oil EH SOII HI Sj AIM Ahgo^XI Sl^ 932 4= «0. Otl^AHfe, O^XHS^ ArgSO. 

CfSiiE 01IS 13, HFg^LHOilAH SDIt^XHS gf^SFS 9gS 4= &0. 03H#£ ^^Xll^ ?5I JrXIDM, 3 ^Olfe 10" 1 
LH XI 10nm*|go| zpg 0j 10 -i LH XI 10nm2[3*©£ §££]0H 2AO. 2.33g/cm'oj c+^g Sf oj qj E0 || QioHAH OSS SSI 50LHXI 20%S?I 

LH2J HFg™°j ^£°J 3 si- EEfe gJ^gOII AlSEIb 2H^£2| £ St Oil SjoH 2.1 LH XI O.6g/cnfgJ^LH0i|AH BS19 ^ 24 O. (TfafAH OSSEBj 
3I*J^ efsW 4 s 2iO. eaS Si2J |J£2J &IOI6hS 4 s 2iXI2h OSS'Slte 3S§ Si^h Q£IJ§?|OllAH OHJH§iaa§S 4 s SI 

£^ BlS^i 01 Sol $?X|&0. 33U, 1 000 °C 01 ^0|| AH LH¥^S^ XHbHxISJ^I A|5WW f 3011 21 oH e^OIIS°l m^M 3SFAIEJO. . 01 

wmou sm°i o\\nmMg&£: ^wsoiiiiii^ss, i£f^Df cvd, xm cvd, cvd, oi-oi ch ^ ±ms\% se^ esj xh^^&oii 

SloH ^ofe ^01 d^^ofCK 3BHLK MsQ|0| Cf^^XH^^J ^S°J LH«0il, OlIS IS, XH^^^OII °JoH D|B| ISSiaS, 3££&£E 2^ SI- 
CK 

ag^soi e s&^ps, s^^^ e^ioii uiohah mxo\ 3\bq. oi hh^oii, ^^oii^e^ m&°\ &s§§5j 3^011 uiohah ^xioi 

se& 'assssi ^131^ a^soii oi^mxiei, ^3 si°i 351^0- ^ci. jo-bi-zh &i§ se^ sb^oi.^^oii cfsi§§ s^oh 
e si^ieoii sfs&ci-s, c^^soi nh^sa. agi§°j ct^s^Jt §3^2, a^^i^ schi °1oh 4^ ^cf. 

□gi Si?|£] Olini^^^&OII ^CHAH, XII 1§§2£A-|£1 H 2 LH01IAH°J OllOlfJ^S^ QgM Si£J 5^?SI xHs^^Mj 0||n|^^#£| S= 
^A|5PI ^NoHAH ^^^OICKN, Sato et al. f J. Electrochem. Soc, Vol. 142, No. 9, 31 16 (1995)). H 2 LH0HAH°j 0| bilOlfJSSOII ^0|AH, 

m sihj iisie^ oi ^s§§ xh^^ moil ^ui^a. me\M. 201^21 a^itt is&^gMi onm^^#£j ^ oil ah oi^oig ^ 
°^oj, 5isj#£] ^oi c^^#^ ci^sm .^xie^ mssiJi, uiogm^^mgrnzi ^/se^ o\[m^m^o\\ 2\m oiini^^e°i 
mow o^rn sm^ e agEi ^fxis^ issa. 

^^^01 HF01I oH XII » 9 Cfgi Si# SE^ ^sf^lM XI XI Sfg Cfgg SiS^ ^,01 & H 2 OIIAHS] bUOI^'HF ^xH£|A|01| ^S°1 M . 
SOI 1JCHU3, 3011 £JoH ^l^iaEPJ ^oHXUH LH«&£| ^»Bf2| ¥XH 6^011 AH §0|o^| 4= 2^CK DEfAl HI 1# 9i HI 2#H] 31 

SOil £|» ^ai^ 0I2F xHdlOII 2|oH>H£ ^^1^ ^ 

3^X1 o^Sf^^oj Qgi SieOI XHe^hSfSlOl Olini^^^&, 3^xH£|S ^23, 2>^s*S0|| °JoH ^OiS 

^S0| eSoHAH-^PS£J S^M.^BHS^I Q-g^ -SiSI ^S|-M^H2iQ: OJBfAH «.£|fe Oiin|S|^# d^.^2j .^I2J Sl h 2^ 

ejsH pgu sieni- uia3aoiinr@j«siS Xjbisi 3I^oiiah h a^isi &mo\\ sish aoiyo. ziaHsva hi zsaioisi' 3||qoiiah£| '« 
.at oia as °ishah£ b^s 4^ . ..r. - . * 

SEeh, Ofs^oi^oi ^ISM ^^ote 51^ a ^BIXI Si^DI, Dhx| Qgii LH¥0|| mgm SDK tt^AH 01 £F ^§ ^131^ 

^S ^^oHX|3, ^^5^011 2J oH AH ^CH& Qg^#OI|AH^ ^01 m^tts* SEb e^OilSJM SIT 4= 5iQ. Ch^AH, HI 1# ^ HI 2S2J 3I0OII 
AH°j ^£|^ OI 3I3 01I Ol^e ^Ej&^MAM£ 4^ SiCK 

oi oil ah a^s oie^ ^^6i ^ssjxfe a^xiei. ^s^x^sj n^^m(^mm), ee^ 355^§§ ^ ojs 

£ Ai-gfy- 4= acj. 

^ ^SOil D\lW^ 3l^g 3I0°I A ^5|2g S&Sfe 3I3M °lD|&a. 

oi^^gjoii &ohah qsoii aaeci". 

^cHg7H^^ HI 5-2111128^011^ Ol^^^JOil ^JoH 3S#i ^^6F3, <M xH £1 Oil °|oH ^SXHbH^^ ^IS£| §SI ^^A|5|3, ^15 
S01I AH ¥Z\m ^ofe ^gO| HI 2^ £101 %LQ. 

mt-\Z\J\ CC^e E£b ^0|£°] ^3 SiOil^J ^EJS^OIIAH ° k 10 15 ~10 17 /cnf2j ^ ^ CHI AH 4 s nmLHXI 44J nmg Q|^g§§ 

S^AISJDfe 51£ M3£|3 2iCK0j|S §2, A. Van Veen, C. C. Gnffioen and J. H. Evans, Mat. Res. Soc. Symp. Proce. 107(1988, Materia 
I Res. Soc. Pittsburgh, Pennsylvania)P.449). sieoil ^^M^g^J 3IEi H Af0| M^AH 0| D|^g§§ OlSo^ 5!0| 2^£|3 ^Cf. 

V. RaineriSI- S. U. Camptsano^ Ul^i^^m ?l 6H AH mmO\^m ^3 Si Oil ^^JoHAH gxH£|o^3, 0|^S§^ in.go^l ?\o[CA UIB 

Oil §^6^3, 3£|3 ^^XH£IM ^ifH^AM OH^^sl- Sim, P SOI^PSM ^^1 ^I6F01 Dl^g§§ d^^l^^ timm ^ 9iQ(V. Raineri a 
nd S. U. Campisano, Appl, Phys. Lett, 66(1 995)P. 3554). 
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£eh, £ ^@£| 5|»HI^SJaO|| 2iOiAH, Oil £JoH 111 l3ie¥XHte. M£IS?|0il pofb HI 1#°i HI ^ Oil Eb IlfiofQ 

S 0I8H ^ XO&OI 3£I3 fi3S§2[^ SSSStCfS Ha«&s>*]£l ^Oll, HI 12|»¥HI EEi= HI 2J\B¥IW^M £fe: OB g£°j 2IBSS 
AH CUI Af§t 4= SUa. 

SEB f§31£] HI HI 23IB¥HI£I ^d|@ S&£| ei£HI^§OIIAH A^g£l^ &Q\ SE^ Oil CHI 2ISSOI g*OI 4^i^b|£hS« 

^ i on ah m di oil hioHah m&mm 4= 21 a. m m di oil Bg si9» ^2°i #^ok>iiah sx^hboi ^¥^°^ l^ei^ 

&j\o\\m M^m um 301, s »Boii/rtb gspieoii S3 m.iaa hi 2#°i ^isoiiah ^£is g&o SM | t saigtgou/H n^oian »^ 

• HI 22I»¥M2| ^E|9 531 S&slofe @§§[^§i B6» £fer 4BB*« 4= 21 a . CHI Si ££r 20fc HI 23 1 B¥ HI Oil f§3|£J HI 2#°l 

¥fllM XHohA|3|^| EH ^ Oil 0|2i H£ OJISOIU 2 0FM 4BBf» 4* 21 D 2 HI 2#°J IWI^ 4= 21 Q. Ef^AH, £iattSOI £¥£ife 

3^0II£ Pies i§£ 4-S^ HStt 4^ 21CK . 

2^H°i JIBS £21 ?]oHAH 2^H°J HI 23IB¥M« HI 13IBSI S«S0|| SAIOil S&oHAH Sff, SEI, #2A« ^6fe 3i£ ^ShQ. 

gsiej, oiini^^^o^AH hi 2mm m&^^^ttt, 01 s«2i is^ii er&Aia 4= 2i£^t sioii hi as- 4= 21a. e 

XHHJ Pl^Oil 210iAH£, 01 BIS 5|I Oil HI §!«?IIO|IHfc CPUg£J I2g^&£IM «£3fc0IOII A|g§q. SII0|ffl2| AhO|^°| gUHl H 

§i^°i hi^£ 01 genu a^aes' eiaflioinsi mu£ s^hismi ^owim h 5101a. w&m eg soioii 21chah£ onnmasmjii- 
oiini^££m°i nfisoi s?ttt 5101a. 

SE», SOD! e Oil 210UH2J &h£flie°| 2:>i£l£ii ^ M£^fe£S Oil SI S|«at2| H5!k HICH&^^Mi £J3S 4^ 21CK ajBMH, 

S HI 13IB¥XHS¥EI 2}|2£§ 3! s£M^£2J ^£HI#e Dt® SOI3IBS Hl^ofe 51£ P^ofH^, Oiini^^^°J A^Oil £]oH 

§§s?pi aoiyi3ii ^ a. 

SEEK HfeSDH^Sg SODIEhS gOJo^l ^fe 5!£ Pfeo^Ch 0| £f OISS, ^Si^^H^^ HI 5-21 11 28s Oil P|XH£IOi 

bF£f ^Ol, 0|£^2J0il^oH ^B^IOIHi^ sJSJSg MBIofe ^SOil HjoHAH^ 4- SiQ. 

HI 1# ^ HI 2#£| ^XPI- Oiim^°|0j| o| 5H zp^g^ g^Oil, P|&¥JH^ HI HI 2i°l ^^Oil S|oH ^b|£JX| 8^2££ HI UIHh ¥Hi^= 

^pioiiah bhsf ^oi, s eefl^SHi ^Hisei ^^^4= ^as^i^si ^01^ &js a^e ^mbi ^ hi 5^ ah ¥4-^ 
e si# ee^ bia^^e^s sHhg^£Hi#e e ?m shi^^s D\mm m&&&o\\ 4= anm, noii hjok pi^¥HI 
. ^se^oii bi^&i^ ss^i ^a &>£xiiee msm 4- 

£ 2ALH Al 2FM S^oHAH, ^ ^@£J }|&HI£^SgO||AH Cl^Iii OlSoHAH Sofb ^S°| 0j|M 0| ohCH! ^SehCK £ 2 A Oil SA|& 

UfSf i^OI, Si?l|0|IHe2J HI 1B^§PI©¥Hi(11)^l- eblS^Jl, ^S^^Oil ^Oi£ HI 1S(12)0| ^^£|Oi2iQ. 3£|^2 f £ 2 8 Oil EA|» 
^0|, ^Oi£ HI l#(12)^0il ^CH£ HI 2S(13)0| §^£jOi 2iQ. HI 2#(13)^ SiS, C^S SiS, b|§^ SiS, QSiSSfi b|Cf^ 

^sfth I, e^^, sfihgySHI^, ^SE^qioS^EI S^i^ <^iii^ 4^ SiCK £E^ MOSFETe^l ^X^^S 0\Z-\m m ^011 ^^oH 
£ 9 CK ai?il PFS HI 2S°J S¥0il^ OH^eM PfS SOI^iS 4- 2ia. S1,^IS°I ^IS^^IM i^§2£^E1 ^CHA|>il oPI 
?| oHAi HI 2S(13)S| SSI SOII Si0 2 §°] aQS(14)0| S«£|Oi2iCh. 3£|H, £ 2C0JI HA|» b^£f aof, HI UIB¥XH°i 4>^l «(14)2| 32 
Oil HI 2P|©¥m(15)2| SSOI ^2 Oil AH ssHoiao. 

HI 2S^^AH SiS £l^!S §¥0il^ &S§_SiS| H^Oifc mttm^°] ^3 Oil £JoH ^sf SiM g^fef ^ Sl^ofb 5101 bH.^6^. £ 

■ ' eV-ai 23Tbs spi"&; sbiB.^«r^swiTa*d»'3a f - ^assi'-a^aa^iB, Amoiwpi»-s2-s^s\^«^"^i£fc. ■oioii-r&g-afc v 
- 5i^ ohLin. "aeat boi ^^6i aeste.aQ.. £ 2c e hi 2d\b^md\ hi ipib¥xhhj ssoii a.e-e(i4)« ^hxhshah hi.oib¥ 

XH Oil SUEIOi 21^ ^EHS SAIofH MMSf." HI 2fi(13)0| Si3>h OFU S?,' SEb HI 2P|fiO| SPK OJt! S^Oil^ ^3S(14)^ SLOIS'SO-. 
-Si,^ 3^H°J ¥XH, m HI UIB¥ffl(11)a HI 23IS¥HI(15)AK)| Oil ^2¥XH« Dl^M ^5H£ Sa. 
3^, Si^El ^OPI ?|oHAH ^xHdlfi S^CK 

□MOil, £ 2D0il HAItt b^£F ^01, HI 1 S{1 2)Hh HI 2#(13)°l ?iO0|| SJoH 2^H°I PIB¥HiM ^£ISCK HI HI 2#°J 5jl3 £fe H 

oifc Diai ^£ise ^^o^ fieie i^^qk ^di#e s^s^ seisi oii^ah^, mz\ ^oi, gf^asss £^ n m°\ ^xneioii 

£Jeh CIS£U ^PSAhO|^(poresi2e)2| Hi ^ SOIOII £|& ^S§»^I4^°I X^OI, Olg^EJOil °i^ ^^J^^U ^sf#0IU }|£S°l £Eie M 

4= 21 ^£|Sfc ^25Aib Pl^, SB, 20^§£J 2ISfS P^oFfe ^S, SiEfLf mm J\otb: ^S, aSi SiS ^^Oil £JoH 

S^A|5q Clgi SiLHOil LH^e Ph5hb ^S, i^^21 P^oHAH P^oF^U 3sUI.5|^ »^ §0| 21X|°>, 0| ^^Oil &!§£Ji= 

51^ OILID. 

£ 2E0il SAIeh a'0|, HI 2S(13)2J ^dl^Oil HI 1S(12)0| ^X| S*E»P|B0| SOjSD. HI 2Pie¥XH(1 5)« Oil All 2#{13)0I 
o^l E![3i6|}|| ^SsF£j01AH 01 51 ©2| 2 « Oil ^^@Cf. HI- El AH HI 25|»¥ JH(15)» HI 15IB¥AH(11)M ^2#(14)# AH 5H AH §1^ 
HSAH ^ CHXIfc ^E38I5IBS ^£|S 2X^Xf£i HI ^ 0|| SOPIBM ?^§[Cf. 

g£|^£, Zi | 25IB¥XH(15)°i 52, m HI 2g°J ^dlSOl 6i§& 4- §£^ 51^0iXj 2i^ S^Oil^, UI£*»«*PI 0IIAH2J ^xHdl^2i S3 

HI 15IB¥XH(11)fe, Hi 15IB¥XH¥I0II ^01 21^ HI 1S(12)M HI51oH2 501 S&SHf ^Oil ^fioFDS, SOI5IB£| Hl^e ¥I5H HI 15IB¥ 
JH(11)£fe HI 25ie¥AH(15)^AH QAI M^m ^ 2iCK£ 2F&^). 

£ 3ALHXI 3D0il SAIB bh£f ^0| r £ 1ALHAI 1D£b £ 2ALH.XI 2F0il HAIB g§i A|-§oH AH , 2^H°I ^£*OB¥H{§ SA| Oil A\go[Jl, 2JW 
°i HI 25IB¥XHM HI 15IB¥XH°I ^2 Oil S^olh 51 £ 5^oFCK 
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m ^^m ^ ?lU2^) ! c=, xii i3ib¥xhoii yohxifc w is(22)se^ (23)m x-oom, ssoi o\gm 4 sie §£s ^cHXi sib s^oii^ s^s 

§sH g£b^ §Jfio[DS, Cf§ SODI»2l M^M ?l oH HI 13|B¥M(21) Xil 23IEh¥IH(28)(£Efer 29)SAH C\A\ 4 SACK 

3|&¥X||(28),(29)fe XHS3I- ifib SID. BE» dlOSSeK24), (25)£ HIS5KS81» Sfife a0S(26),(27)g S1CH£ SCh 

£ 4ALHXI 4Dbr ^ ^lE^^^i ^4Hj Q[§1§§ 01 got 01 asife ^dlSM HAISCh 

£ 4ACHI HAIff Of^ »0|. Xil 15|B(101)2| SPJOIfc Xil 1 Cf^^ S(1 02)2}- 0| XII 10338011 U|S}0| SCfSEf 3h£! HI 203^8(103)2^ 

O3ns^(io4)oi §££icH&a. c^is^a dio3iPish¥XH°i see o3H^ vimim diosSPie¥Hi2i sschi a 

3HS^# 8«B23W 0| = CH^ ^ 21 0. Xil 1O3H8(102)SO XII 2O3§ie(103)g CH D JEb 20I bfi^ofa 

ZIB-IS £ 4BCHI HAIB dt2t I*0|, J\\ 1 O3§!8(102)0| d| Q-^IJ #(1 02')2^ BstSO. OilS §2, d|^»«?PI0ilA| 0338(102)°! 8 *l 

si oil mwM oi ens- 4= &o. &3i pjee* df£F ^oi, £pi di**»«?pisfc dnjsism. £Pi ^xHdi2j g£ 

^ ag^se ^^ofe g^£i gon§so ^201 ^ai^isst 6oo°c ~-i4oo°cs^i lhoioi 9oo°c ~i2oo°c^i- dn^oFO. xii ia5^is¥ 

B-dl03SS2£ .E19APPI ^jo^Oj.XII 103383 Cf^SOil OOAi ^XH£I A|&» 336MI a3»0. 0| ^SAIOil Xil 2CfSii 

£ dl03H82S SfeO. 

mm £4C0|| SAIS dt£f 30| XII 13|»(101)8 Xil 2PIEK106)OII d| 0338(1 02')£| SPJOI ifioiS Oe8(105)« 3HXH6t01 Xil 

25iB(io6)si hbj» a*»a. 

0| 5IB 0^8(105)^ 6PI8(102'):i» OB JH3£ =?£210\ 212, a»S0H f 33I8(102')j» Xil 231 B¥XH (106)21 3=0IU 0i^ e.^011 Q|BI 
ii2A|IJ 4 21 Ch 

SE £PI #(102')3f Xil 23ie¥XH(106)3t OB XHHOjS 8(1 05)^ 4 s 2AO. 

£ 4D0il HAI9 bh£h 30|, a3S 3| ©¥XH(1 01 ),(1 06)^ ¥0Jot:HU LH¥g^§ ST2IAI3I ^dl^^^Mi, XII 2O3380 03):» 

d|O3§j8(l02')A*0|0||AH SSf 311 S3f Cf§ 31153011 HI oHAH &D\ 3|&¥XIP* AH^ .g£|SO. 01 ^SA|0|| «£|3|ie ^xHOIIAH Xil 20338(10 
3)S| Ii¥3h 8*33 4 HQ. 

6PI 8(102')°! SBI^Oll a^^#(103)M SSAPI XI S^HSAH ^31 Mdl^Sg 4 Si22, ^3 1 S(102*)^ Dm Xil 23|B(106)e 
SlflSmH #(102')2J mz\&m B&ffl-SPI ^loH #(102')e Xil 25l»(106)» 8»BJtt 4 «P. 

^31 #(102')£ Oiini^^ ^^Oil 2JoH XII 2D^^e(lO3)01l Bl§ &I£SI#2^ 4- 2iCh £E, 40| #(102')^ Cfg^S(102)M U\Q 

gm^ e.^ as on onnm«a3oi sish &ss^£xii#2s a^a 4= ao. 

oum mm, &d\ sd02')oi ^diee i^sfs, #do2 , )°j ss^moii 2J5hah eoos)^ ^^i^^ii ^di^a. #(io2')oi 
dhsi- oiini^^^&oi! sjoH ass essytxiiee sashxi oi ^die^aeoi dh¥ ^ fc ^ f^sib aoi an,^ 

se», xii 2aaasoo3)j» 3ib¥xh(iod^°i a^oioiiah xii 3C}^mm^ xii 2asaa(io3)Ma , a Dixi^m m^m ^ aa 

(^aioiii) — . 

ai.i&as : sDifi¥nisi-Has o^bhsi ^sioiiAH-HFg^oii/H gf^saaaa.' • - ■ * . 

^JsOil §^£J^ 3^^d^ v °| Xil 1Cfgg#e iSSfb 5 2: 

S^^SE: 1 mA-cm" 2 

S^»aSS*|: HF:H 2 0:C 2 H 5 OH = 1:1:1 

Ala: 0.1 min ■ 

Pgg Si2| ¥^ih 0.02Ani 

aeoil §^£ib Xil 2Qg§ii ^^ofe ^2: 

2^^£: 50mA-cm- 2 

o^g^ggM; HF:H20:C2H5 o H = 

AIZJ-: 5sec 
Qgm SfSI ¥JHI: 0.1/ffli 

Si ^ Oil g^S^Xil 3P^^#M g^ofe S21: 
2#^5E: 7mA.cm-2 

HF:H 2 0:C 2 H 5 OH = 1:1:1 
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AI3: 



1 min 



0\SL\ «g %^m£^o[0\\M, 50mA.cm- 2 m A[§o\0\ i^EJH HI iQ^IifiCf ¥311 2 1- ¥#i£ HI 2QS§! SiS£ e Cj^£M UEj 

Q§ C^U Sig Oil dloK* Qj ^ot 5 ^| £ |o iCK 

aeoil, 40I 3IB¥XIP* I Oil AH 400 1 AlZieei- &SHJQSM1, rj3§] si£J ^S2J LH£^ 1 A J§^25 m^SSCL 3^ HI 131 

B¥XHS/dSI SIIOIIHfe Oil HI S| AOS CHI AH ^^^\J\B[0\\ feOIXjAi 1040°C^ 5^§°1 ??-JS2SW Cf^iJ SiHJ H^S^HJ ^S0| xH?-J33, 
3fli!£ lmA-om-2-S SA^SI Jill 1Ct52f Si#^ Sf9nOIS0|| 2JoHAH d|C r §U #EHS e»SaCL 

3*0|| f dlDgiJ S3! Jl£l aSi Si Oil ^ O^H^J £§> h £2oK>ll Si^h CVD(chernical vapor deposition) 3 Oil °joH 0.3/^¥^l^ CHI HI ^ 



^ -A. ^ j. A. 



SiH 2 CI 2 /H 2 
0.5/1 80i/min 
80Torr 
950 'C 
0.3/^/min 



DAi, ounisj^^s@ sm°\ sss^oii a&stoii hjohah 200mm oj sio 2 #oi g^ssia. 

HI 13|B¥»I£I SiSHSOl SPIB¥XH(M 23IB¥XH)2| HSIfiEKH ^, 1180°C0||AH 5^§ei ^x-idlM ^fe^^AM SfS U 

6PI Sl^ 3IB¥»Pt filial ¥01011 HloH ^dlgo^MI S Cfg£°J HI 2QS^S0| n^Eiail, CfSHeai- aiPSHS Ah0|2| 311 £ Oil AH g 

mo\ »««o. 

3 HI 23IB¥XH0il gSB StehSWOII 0.2^ BBS SiS# SOPIB* 4 s aaP. B^S SiS°] HB(^ai2)0il Qgi 
SP) &ffofX| Saa. 2XIIS^°l 100?H X|S01|AH *§S B^S SfS°l ¥#lli= 201+4nm^ egjo^l fiA|S2iCK 

SOIfiB^ 0|@ &EH01IAH £^ 2|B£ EH ^3 XI U 0f0|3^S^Ot0il AH £f 1=>0 1 SS^t£0| ^Qo[X\ ate 3¥0il A^SSfe 5101 d)- 

»S!6hCh 3SXIB «|°|E^xi^EH2j »£Ka|. 1*01 S^^^Oll 0H¥ «IE!» S^OIIhr 2IBHI fl^i OjlM 13 4=^21- 1*£ b|£*Sf^?l 

J I Oil AH 1 100°C^ ^xHd|g-o SM | Ufi:n °[CK ^*Hd| -Oil S!»B^e!DI3°S 50/ang^S<*2] Xi|^20| 2* 0 

.2nm^3 ^^21 SSff Si9H0|S|2| 2 £21- S^silCI. 



^asxieais^s sbes ^a^ohs^, oiim^^s^ ess smmtz ois ah^^ sss&^oi -b«6^i &&°oj ^^th ss^oi 
s 5ioi iteigaQ. 



^Ol HI 1PI&¥Hife 49% 30%2f^gf^^^g^M I U J§[ Oil AH HI )J\B¥MO\\ &^Sfe Cfgi Si£j ^^OlIfJM ^xO, DM Oil 

^^^?l^|OilAH (Hya-S : -H& -*0|| CIAI HI WIEh¥XHU •»|.2PIB¥-»S , AtS35aP. -SE-Hl aCtftS'S-S^^i"^ setsttq.- : , ".-^-rv 

(^AIOII 2) , ' • - - 

HI IBIS SiPIB¥XH°l Of BUS] 52 of Oil HFg^OilAH gf^SI-^go^^ pgifiSi mg&Q. 

S^^SE: 7mA.cm- 2 

o^^goH; HF:H 2 0:C 2 H 5 OH = 1:1:1 

AltLH Smin 

CfSi Si£J ¥fl|: 5/^ni 

DrMOll, ^SfgiOl Q^m Si^Oife BSS^ai^OI OfSHHj 5>16f0l|AH CVDgOil Sj oH 0.3/^n^ Oil III ^ ^SSSlCf. 





SiH 2 CI 2 /H 2 




0.5/1 80i/min 




80Torr 




950 TC 




0.3^rn/min 



CfAl OHHISj^^^S Sigoj 5 2 Oil ¥^11 200nm£j SiO 2 #0| ^ If Oil £]oHAH g^£l2iDK 
HI 1^IB¥M2| SiQ 2 
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m QB SPI»¥HI(HI 2D\m^M)°\ gii£jO| S^SSIIQ 3 US 3IB¥Mfc 1 180°CO||AH 5g§B OfytJ 

s 3iee, sisssi ¥oi on 2ioH ^£I§h^am, owm^mm ^oiiah bbi:^ ioi^a. 

g^SFSOII o| 5H ojo ™« zpg^ ?BAK)|S» «HMA|9PI ?|oH,AH^ SHSC*. Oil HI Oil AH om =?<£0\ 

as§ sisal ounma sisafoioiiah agoi hcnus, oi ssoii °ioH, ^iboiiah ^£im »«bo, 

3 I^.-HI 2}|&¥H1°I Si^SStOII 0.2W2\ BIS SiSM 4 s «2ta. Si#£| ^dlHBOIIh: Cfgi Si3?h #¥lo>X| &«CL 

Sx||g<*°J 100JH XI § Oil AH S| -o| 2 01±4nm^ ^gjo^l UEHrfCh 

SOISB^ I^ilXIB, 0|£j ^ EH Oil AH EH^2X|°J HI2&U DK)|H^^0t2f lfO| HB^£0| gfioHI SJ^ g^Oil A^gofe £01 

bur^jofa. zlsxib, s ^aiououh^ 4^s?pioii/h 1 ioo°c^ ^xh e.i^h asm hxr^scjii^^ ^se* ssstb so/msa- 

HI^S20| ^ k 0.2nm^H Ahg^o^ o g§ S i3IO|Iti°J ^££f §§^CK 
¥Hh£XheiOI3^ i^f £AhoHS£, OilH|i«^£S£i BIS SigOilfe CH El AH^g IS2»0| »«SFX| IS£0| ^Xl 

HI OIB¥flU= 49%M£_Hi* 30%5f^sf^^^e°»e leigl ^^^j Oil AH £hf?6^ Si2| £!§!0||§g ^fe^^AM DSi SiS HI >l oh 

3 SSI 20FSHSMI §£9 }|&¥Hfe 01^ Oil QA| HI 13I»¥XHU HI 23ie¥XHS Ahgii 4= 2J2*CK 

(^A|«|3) 

HI SDIB¥«|2| 52g 0^£| £ 2 oh Oil HFg^Oil &X\S\0\ gf=»«HosM| QSIfiSI gSSaCK 

2W^SE: 7mA-cm- 2 

S^»SgS!i: HF:H 2 0:C 2 H 5 OH = 1:1:1 

AIZI: 3min 

CfSi SfS| ¥JHI: 3>^ 

PMOiL 3l©¥Hlb &£M?PI0||AH 400 °C Oil AH 1A|2t§B 9^»SSSSM| Qfgi Si°l ^PSLHB^ B£hSWSS n|^£|2iCK ZL~ Cf^U 

si oil ^ bis orh^ «ssaoii/rt cvDSOii 2\m 0.15^ oiim^ «sa»ch 

4^3^: S1H2CI2/H2 

0.5/1 80£/min 
3^2^: 80Torr 
950*C 

«ste£: ■'*■"*'■" 6:3Wmin " " ' ■ . . .... 

ChAI, Oiini^^^&^J SiS STRESS 2! Ml ¥7)ll 100nmoj SiO 2 #0| B^SMI »"#H8Ch - • 

^S^M^B^h CFS^ SiU Olini^^ SiHi-5j|^¥eO|| £^5F£^ ^^Ol^^gjg HI 13ie¥XH^AH°| ^|0|3HH| S2 0i|AH¥E-| ^oHSCK ^ 

o.g 0 jg^ o[l\h ^i a chi ^ih#oiu ^gje^£i n^£#(^§#)om ^di#e 4 a^ ^1^^ ^ 4 

HI 1^I&¥XH2J Si0 2 # 52g SDie¥XH(HI 2^l&¥XH)°l 593} §§I£JCH ^ 5M§°i Ojygg^SMI Si8 2^25^1 EI^CK 

01 oiyss 2te£S(ass)oiu ^is#oi at^swi at^ saoiiAi gsina, 01 ^z\mm ?&ma. 

s»@ "^le^n^i- 2i^g ¥ojohoi ^^i^^^Mi, agi sfesi- oiini^^ sie^i soiiah m^oi iwsia • 

3 HI 2^ie¥XHHJ Si<^m^0|| ¥^ii 0.1 /^^ BIS SigOl IS! 4 2J2*Ch Sig£| SSOil^ Qgm S\D[ B^o[X\ 

CK BIS Si#£| ^HIS^Hl 1003H XI S Oil AH ^§9 ¥^l^ 101±2nmg SaioMl UEHrfQ. 

ChMCHI 4^0ilAH 1 100 C C^ lAIZieB ^xH£Hh SoHSQ. ^XhZ.^^DIS Oil £|oH 525£b 50Am« S^OilAHHJ HISS^OI ° k 0 

.2mmS3, ^2^22 Si?IIO|ffl£l 3 25£2[ §§S!P. 

¥Hf£!Xhe!OI3^ fBSi ^^el I^K 0||ni§|^^St! BIS SiSOilb AH^g ISI&'OI ^^ohXI S^^ffi ISSOI ^X|9 3 

01 ^ojgojQ^ 

HI 13I»¥XH«I 'S«8fe P-SH Si^ 49%«^a- 30%^<y5F^^^°l Jn^ohOI ^^OIIS'&^SMi Hl^£l2i3 01 ^ Oil HI 1^I&¥IHU 

HI 23IB¥XBS JHA}SS 4 MHO. 

(MAI0II4) 

HI 1BIS SDI&¥HI°I SBOI Of£H£J i 2 oh Oil AH HFS^Oil SX|£|CH £>^sf£ HH^AM , 531 Cfggg B^2iCf.: 

2005/9/23 : TO 
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SUISSE: 7mA.cm- 2 

o^^AHgoM : HF:H 2 0:C 2 H 5 OH = 1:1:1 ■ 
Al 5min 
CfS^ Si°l ¥fl|: 

OS«l, £>0| 3|&¥IHb tf^S^DIOUAH 400°CO||AH 1 AlZJge* ttSHIS SMI dsn SiLH CHI AH ?g£| LH£^ ^a}^°|o^ n|^£IS!CK 3^ 
Qfgi Si#°i S2¥0iiAH a^&IOI HFS JOEIBCL- 3£iH^ aS§J SiS°l SS¥0ilAH ^S°| LH**^ A[gfQ|o^ ni^£|X| 8J»°U BJ\ 
C^U Sie^i o r ¥011AH ?S£] LH«^ ^§[°42g HI^SI&CK 3^ ^1 &^ AH^h 4=^01IAH 1040°COUH SSSSi- ^SIEAf QSi Si£| 53? 

soi xHsi&a. zh^5! ?s§ ^2 agi si°i s^oiib o.5w^mm Dm si°i p-onm^^s^K cu^aim :>r£i ess sisi n + oii 

H|^#0| ORH°l £20||AH CVDSOil 2JoH Oil HI ^ g & 



SiH 2 CI 2 /H 2 
0.5/1 80*/min 
80Torr 



950°C 
0.3/Jn/min 

ciai, oiinma g&s si#°i fission g^oii °]ohah, 200™^^ sio 2 #oi iggaa 

XII Sf0 2 a fi^OI Si3IB¥XH<fll 22IB¥IH)2| SSi §ii£iOi 3^9 ^ 1180°CO||AH 5^g£[ 0|yaS°SMI f aa»» 

a hq. 

3|»¥XH^SSJS| ¥01011 £|oHAH g£li£^ p" CHI HI EH ^ SH^ 0^ Oil AH SttOI 
Q^U Si ^0|| AH 0||]imag98t?l 2011 ^g£| LH^# ^sfA|3|H §£9 tf»o« XiWolU, CHI AH ^SPI ECHS01I, HFS ^?S^&°I <^§f 

ai^ie ass si£j ^ssoife ?s£i eaoi iicH^ch 3a°s, d\i\\^ ^^§8 aiasns us ^oiiah ^aie^s s 

3 ^HK J1I 2}|B¥IHS| StehSWOIIte n + DH^SM 1.4^^1 °1 B3 3 SiSOl l£S£Ck §£9 BIS Si#£J SSOIIb D5i Si^h 
SUSHI &&3, SXII g^°l 100JH Al SOII AH &a9 Si#H| 1.4+0.02/^1^ S^oh^ll UEHrfCh 

OSOII ^^011 AH 1 100°C^ 1 A|ZI§°I ^XH£|^ m°W&Q. aXfa^fi 0|-S CHI £|oH ^§9 SSSEb 50/ffliB»2| S^OIIAHHI H|g«30| 2f 0 
.2nm^H T ak S 5|o^ o §g} S iS|0|E|°l 525E2[ §S»CL 

¥isxiSDi3£i sesi mmm mm, owm^ms^m e+^s sis out ahss asa&oi afgstxi 3»sot ase ^ssoi ^xi& 51 
01 ^-ejasici. 

*iin:>iB¥xfe swsjt'CFaa si2i''aa«"e!Dte*ofr»ri^iB"^3«u hi 27ib¥ihs ihaks^ ^ aao:" ■ " " : • • 
(ftlAioy-5) ■ • • • . - . ... 

li\ St^lB¥XHS| SSOI O^BHSJ S^ohOIIAH HFg^Ojl gXIQOI -S^»aB2SMI, fiSi Cfg^^ ElMSlCf: 

7mA-cm- 2 

o^^fio_N : HF:H 2 0:C 2 H 5 OH = 1:1:1 
Ala: '5min 

Of M Oil, S^l ^ie¥XHfe ^^^PIOIIAH 400 °C Oil AH 1 AlZ^e^ £h§f£l&CK 0| ttmm ojoHAH Qg^ Si H| ?g£| LH^g «Af^o|o^ ni^ 
El&Ck 3 ^ r Cfgi Si^J S^¥°l ^^ff^ HF^ Xil>l£l2iCK DM Oil HI 13|B¥JHSA|£| ^| 01 m Oiini^AISxl Oil ^|X|£|CHAH Qii 
Sfoj ^3 Oil XH¥^I,?I oH 4=^M?PI0||AH 1040°C^ 5^S°I ??^Q. xH^-IS CfSi Si°J S3 Oil ^ 0FEH2I 

ZiOIIAH MOCVD(metal organic chemical vapor deposition)^ Oil £|5HAH, 0.5/^¥^ll^ GaAs^r CHI HI ^ « ^&£!2iCK 

^i^^r^: TMG/A 2 H 3 /H 2 

80Torr 

700 C C 

HI 1^IB¥XH£I GaAs#°l 530| C r B Si^lB¥XH(HI 2PIB¥IH)5| S^Hf g^£|CH 700 °C Oil AH 1AI&SB 0|yt!§^SMi ^ 

3o r ^ii aaa. — 
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&d\ a»^ie¥ffl^ 2\m2\ ¥oioii £|6H, gBmssMi GaAsomussae bis o^hoiiah e»oi »«h». 



onnisi««ss^i soil ^^^?piouah 3b §ei- cfgi s\2\ ^&mo\\M hf^ hi»xO oisoh, ^s^oiiah £}sw§ hi 

3 ^HK HI 2}|©¥XH0II 0.2/^2] BS§ GaAs^M 4 s ' S£@ Bl§ GaAs^HJ SfligsjSI 100JH XI S Oil AH ^§9 ^flllbr 

o.5±o.oi/ms auswi uEiaa 

GaAs#£J 230| Si2| JUH^I MS Oil. HSS^atJH 9HO. 3B|°£ BOIS 525£b ^2|2£ ^§ 

B GaAsWOISISI S£2F 6SKQ. . 

¥Hf2XfiDIS2^ iBSi 92}, OHfflSjg B^S GaAseOife AH^g ^SS&OI i^ofXI St«°D1, 23£0| SX| 

HI 23IE¥H£te #31 SI3IB¥XII 0l£!0|| SSI SPIB¥ffl^ -AhSH 4= 21 Ch BE, SDIB¥»IU GaAs^Oil H|^@ Si0 2 QtS S3& 

^011 SUOI SSH^ 4* 21 Ch OIS 3^0||br iie^^^ 3MB0I Sa:?ie¥XII#0|| GaAsslAH Ahg^Cf. 

. HI 13IB¥XH0II S#S*fc C^i Sfc 49%Mtt2l 30%jl^3h4^4*£l jS&hoK)| £!§{0IISS©£ jo £12412 01 ° Oil HI UISh¥XHU 

' HI 2^IB¥XHS XWM^M 4° 2i2*CK ' 

(&AI0II6) 

HI 1 SDI»¥M#0|lte f BUS GeJI- 0^°J «S"3&2 0||Ai CVDSOil SjoHAH, 0.02/Jn¥^l^ Oiini^^ «Sa2tCh 



GeH 4 /H 2 • 
0.1/1801/min 
80Torr 
700 "C 

0.05/n/min. 



□MOil, Oil HI ^ GeSOUbB^S Si^h O^HS] SSS26K>||/d CVDSOil BjoH ¥3)11 0.5^ CHI HI ^ « «SS2iQ. 
SiH 2 CI 2 /H 2 
0.5/180i/min 
80Torr 
950°C 

SS^E: 0.3/Wmin 

dai .onni@!« asa"siS2i"HH«r^ai"266nnio| sio 2 #oi g&aoii- °i.ohah ««.aaa. 

Si0 2 S fiSS QB SDI5>¥Hi(HI 2D\B¥Vi)S\ S S S CH S^S ^, 1 180°C01IAH 5^§^ OiyHlj^SMi S»g MSMI SI2*a. 

3IBg £I^£J ¥01 0j| ojoH ^£|§^^AM, Oil Hi ^ Si/Ge3||S 0|| AH ^CHldQ. 

SiSf GeHI ^XI-^HJ ^ 01 Oil }| 216*01 31 3 Oil br 2 fe^OI EgJ'£lb 20| UHE 2iD. EE. gf=°| #01 S^OIS 0|£j s^S|°£ S g 0 | £ 
S£l?l 61 Q. »£M, « ^AlOilOIIAHb: GeQ[S£ 2&0I SgJ^a. ^X^^^J xFOISf £gj CLHSCHL Si/Ge^l^OI 2f8HX|31 0151011 °l 

6H ^^01 0l¥OiaQ. 



H SUh Si^eiOlfe 0.5/^¥^il2J Bi§ SiSOl ^ 2i2iCK Sx-HS^^J 10COH XI S Oil AH &2S Si#£| 



0 BOW ^4: Oil AH 1 100°C^ 1A|Zie°} Mx1Z\D\ ^oHSCL ^XhZI^^DISOil °]6H ^§9 
.2nm^H, ^5jog °§sf Si^|0|H|Si 535££f §§oFQ. 

^h^x^dis^s §£f^i ^jii-, oubi^^ssb bs§ su 

01 ^ojgo^ 



lib 501±l0nm^ 
50^^°] S^OilAH°] Hl^^eoi ^ 0 
b AH^S ^S^&OI ^6HI ata^oi g>^B SS^OI ^xia 31 



HI 1Pie¥IHfe S^oFbGeSOl 531 ^q^^o^^ XHI X £1 3 01^ Oil HI 1^l&¥XHU HI 2^IB¥XHS IHAfS^ ^ 2i2iCK 
(^AIOII 7) 

HI SWB¥IH2| 502 QJEHfil ^2 oF Oil AH HFg^Oil gX|£JCH g>^^S£l»P. 

a SOU l^b HI 1Cfgi§§ g^ofe 
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lmA-cm-2 

g^sfg§°": HF:H 2 0:C 2 H 5 OH = 1:1:1 
Aiei: 0.1 min 

S\9\ 0.02/™ 

hi 20^mm mgoib: 

50mA-cm- 2 

°^§[S§°-ij: HF:H 2 0:C 2 H 5 OH = 1:1:1 
AlZt: . 5sec 

Cfgg Si°l ^M: 0.1 Am- 

£1 ^QJ SE: ZmA-cnr 2 

g,^£Fg§2«: HF:H 2 0:C 2 H 5 OH = 1:1:1 

AI21-: 1min 

Cr^U Si£| ^3H|: 1^i 

0|2f »S g^»aS2!»0ll/rt f 50mA -cm" 2 g A[§6K)j S^Elia, HI 1Q^i§^P ^flP* ¥#i^ HI 2Cfg^ SiS^ g U 

&»2 ¥£^£^ CH flsfs^l H«CL 

CfMOll. 3IE[¥Hi:>l- <^^PI0ilAH 400 1AIZ!§£h ^2^12^, Q39 Si£i ^S°J UiSg m*OflCh 3^ 

m i^ib^xiisaisi ^loin-i^ oiinmAi 9x1011 feoixin ^^pioroii io4o°c^ 5^§^ ^?-js^kMi o^m s\9\ sas^^i =?<go\ mm 

33, 1mA. cm" 2 M SJ£i#2| HI m^i Si#g blD^H e»HHCh 3 -Oil, b\Q£M ^sfS Sfllfe 0^BH°J 

SS*£2oK)|| Q^S SW CVDtchemical vapor deposition) S Oil £]oH 0.3^M^ mm^m SSEIXtCh 

SiH 2 CI 2 /H 2 

0.5/1 804/min 

D\±2tm: 80Torr 

950*0 

0.3/^i/min 

□ai, nim^'a asa si§°i s^s^on^ a&stoii °ishah 200™^ sio 2 ^oi ai'saaa. 

^SE£] ^S3ie¥XH(HI 2}|e¥XHPI- N 2 i^D^ S3 xH £l£|.2i3 §^ AHaiSHP. 3^, HI 13|B£| Si0 2 S S30I *<S:>ieh¥XH£| M£r 
30h£H£l3IU SiiSOl 3^=9^, 400 °C Oil AH axH£|U°SM| ^HSMI £!2Cr. 

&}| g»S I?ie¥XHb ¥01&^SAM, ^ B #M nKM&^SMI diaSH Sie gJ Oil AH 2JH°i }|Eh¥XH^ SttSK 

Qgi Si^2| Oiini^^^§rOIS0il HI ICf^i SiSOl ^ Oil AH ?&X1M diaSS^ BIMCHS^I CCHSOil, 50 mA -cm -2 = 1!££I3 bIQ- 

smm mm Dr^^ sib siaasss ^iib a a a. 

3 2jU. HI 2}|&¥XH°I SW»e*0|| ^fll 0.2^2] tt\C\£M BS§ SiSM 4* 2i2*D. E*S§ Si^°J S^Oilb tl^m SOI &¥?o\X\ 
Q. 2HI9^°1 1002H XISOilAH ^fllb 201±4mm^ ags^l UEJttO. 

Oil AH 1 100°CU 3 0|6 r 0ilAH 3A|Z!§°! ^xH£im SoHaCL SSJ^Sie DI3 Oil SJ oH S^SEb 50/^i^^HJ S^0ilAH2] Hie 

S^OI ^ 0.2nm^^, ^g5j£5 Si^lOifflSj SSi££f g^xilCK 

¥h^x^dis^^ sbsi ^mm ^nK ownmm^^m e+^s siscnife ah^^ ss^^oi ^^o r xi a^^^oi mm%o\ 3! 

01 mrOi£j^ CK 

&OI Hi 1^IB¥XHfe 49% M^HF 30% 2\&®^±^E^m ^i,^ Oil AH HI. OI»¥XH2l S.^ote Cfgi SiS Hl^oPI ?|oH ^^i Oil DM 

^^3, CrMOII ^^^^PIOilAH O^y Us ^eh ^Oil C r A| HI OI^¥XH U HI 2^I^¥XH^ AhS^ 4^ ?1%LC\. ££ HI 3Q^^#^ 4= 2i 

21 CK 

(^AIOII 8) 

HI SDIB*XHSI (HSII2I ^^ohOilAH HFg^OilAH S'X|£ICH HMQ. 
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m^m aasifc hi tas§ii assfe 53: 

S#|gJ5E: imA-cm" 2 

°*=S^ge!{: HF:H 2 0:C 2 H 5 OH = 1:1:1 

Ala: 0.25min 

HI 2CfSi§i U£j6fc £2: 
SOmA-cm- 2 

gJ=?§Fgge*i: HF:H 2 0:C 2 H 5 OH = 1:1:1 

AlZh 5sec 

Cfgi Si£| 0.1 /m 

HI 3Ct3a8S ggofe ^2: 

S^^£: 7mA -cm -2 

^^s^g^: HF:H 2 0:C 2 H 5 OH = 1:1:1 i 
A|2h 1min 
Q^m Si°] ¥«: 1/m 

0I2I- 2>^m&£2!6K>||Ai. 2f?9i£ 50mA. cm" 2 a AfgoK* §^£|H, HI lD3I!#MCf ¥3IPI- HI 2D^g SiS^ g U 

cfeoii, *pi ^ie¥iH^F £}±^?u\o\\k\ 400 1 Aizieei ^s^iihsami a^n s\s\ .a^s-stss m**s»a. n ^ 

HI 13|»¥'MSA|£| 3IO|I£fe 0||lI|i»jA|^x|0|| ^OISH ^S^PISKH 1040°C^ ^^-JSH^Mj C13S Si°j S2S«2j ^?£}0| XW?-\ 

aa. 3 2j», £¥l^£ 1mA- cm - 2 s 5j£jgo| n TQgsj Si^^ d|Cf3I! &EH£ B»a«CL Oli^l dlOSHS^ D 

^ esssoiao. 

3*. e^i oiinisiaasaoi 20™-^^ S io 2 eoi atMtoi °IoHah omusta siasj ses^oii sssao. 

Si0 2 SHJ ££01 SDI&¥JH(HI 23I©¥XH)SI ^^£JCH S^Q 1 180°COi!AH sage* ^XH^IM ^a^SMl Si,^ &ja6KHI E| 

^ a. 

#3| 2|»¥H2I- 2\^9\ ¥01011 °l oH AH = , e Q3£§ Si ma&°=£M| 2J\\9\ 3|&¥XHS @£ISaCh 

Cfg^ Si£| £E£ ^xHdiOil.SloHAH SiiXf^f OI^Hs^ ?-80|'MWIHQr SE, H 2 ^ SS^^f, SWW "£J XISf£^:&'*- 

CKN.Sato et al. J. Electrochem. Soc, Vol 142! No. 9, 31 1 6(1996)). . H 2 m 3fer^£l HI 1 Cfg-^-.Si §1 ^?£ofe SfSXP* xH.^I ¥1 

oH ^dlS^MI, 50mA. cm" 2 i^SH dlCfgH B3S Si Hi *J SIS ^ Oil gS&HI 2a3-g-SISS ^§ £1£ D§£I UEjyj 

3 Hi 23IEWM0II §£9 StehSm^Oll ¥#il 40^°J 9S§ SiSM 2§ 4= HfllS=l£| 100UH XiSOiiAH BS§ SiS2J 

40±0.8nm^ 2^o^| UBictD. 

SEeh Oil AH 1000°C^ 1AI&SB axH£Pl SoHSCh S»a«1 ffl □! 3 Oil £|oH fi^E^r 50/^@^H| S ^ Oil AH BJ HI3830I ^ o. 

2nm^H, ag»o £ og^ Sj -o,| 0 |ni£i SS5£2[ eeHiQ. 

¥ian^Dii£g i9S§ &tr& oiim^^^&eh sisoii^ ah^^ si^&^oi ^^s^xi amnoi ss^oi ^xi^ 51 
oi^aaaa. 

&J\ HI Oie¥XHb 49% M^ilf 30% H^^s^^^g^e ^ Oil AH HI 1^I^¥XH Oil Sh^Sfc Qgi SiS HIXo^l ?|oH ^^Oil^M 

^Slll, Cfeoil ^^^?PI0||AH CHy^S ^Oil QUI HI 1^IB¥XHU HI 2^l^¥XHS MEM ^ ZiZLO. ££ HI 3Cf5i§8 4= 2i 

a a. 

(tf AIOII 9) 

HI SDIB¥XH£| HSO| 0^H°l ^2 Oil AH HFg^Oil &'X|£|CH ^^S^g^^Mi SSI Cfii'g ^M^Ch 



2^^£: ImA-cm- 2 

o^g^soH; HF:H 2 0:C 2 H 5 OH = 1:1:1 

AlZh: 5min 
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SiQSSSI 0.1 Am 

aeon, :>ie¥Hife £m^?pioiiah 4oo°coiiah uiase* ^»ss£mi asi simon =?^^ lhs^ i^^ss nmsisch peoii 
hi -\j\m¥im %\o\mt: oiini^Aisxi oil ^ixisouh asm si°i xh^^i ^ish 4^*?pioii/h io4o°c^ 5M§ei =?m&Q. ca 

ELF AH , C^iJ Si#0|lfe BSS^e-I^OI 0RH2| SSSaSKHI/H CVDSOll £]oH ¥^l 0.3/*S OHHI^aSS&CK 





SiH 2 CI 2 /H 2 




0.5/1 80^/min 




80Torr 




950 °C 




0.3/^/min 



DAI, Oil III ^ S§9 Si^HJ fi^Oj«0i| S£t£}0|| °joHAH 200nm£J SiO 2 e0| §£E|2iCh 

sio 2 gHi ssoi sr^iB¥ffl(ai 2?ie¥xii)si r&2[ ^msio\ 1 i8o°coiiAH 5«sb ^xnais ss-o^mi mm ans^i eih 

a. L 

sets :>ie>¥Hfe sre asas°s oi ?i&¥Hi« »»sk?i ^ioH sj^e ¥oiso SM | khsck . 

3 £jU HI 23IB¥X||2| Si^sf^Oil ^ZH 0.2Amoj af^g S i#0| 4 s HCL bHPSa^EH^ SSWJI 'BlWte Cf^ifg ^£1^ 

Oil §25 B#S*XI SiS^oj S^^S'o^Aj tf»Ch BS§ Si#°] 1002H XISOIIAH ^§9 ^JHIfer 201±4nm 

^e|MgHXI^Ej£| HI SSI- S0| HS^^Oil DH^ SiiJ& S^Oilfe, ^^PIOIIAH 1 100°C5 UiaSB BAH^ S5HSCK 3»a§!fiOiaO|| 
oj5H sgg 5 35Eb 50/anggJ£] S^01IAH°| HI3S3QI ^ 0.2nm^H, ^g5jog °§e| Sf«0|ffl2| S3SS2J- §§«CK 

^j»a»HOIS©£ iEfSi St§l SI, Olini^^^&eh SiSOlfc AHSS B9a&0| ttgStXI St&oQI o^si- ^*j*jo| ^XIS 51 

01 ^2J£|2ia. 

SSOI >l & HI 13IB¥fllte OlliJOlU 2D&0I ^OIWSSS HHHOJflaiS iJSJUl, 0|~Oil HI 13ie¥»l4 HI 23IB¥fflS IHW&M ^ & 
HO. 

(AIAIOII 10) 

HI 1B^§ SDIB¥Hi°l S^g 0f2H°l SZioWIAH HFg^OII HXISCH ^sf^I^^Mi HBi 'OaaS'&SaCH 

£!^iJ£E: 1mA -cm" 2 

o^gf^soH; HF:H 2 0:C 2 H 5 OH = 1:1:1 

AIZ1-: _ .J 1 ™ 1 ? 

■psa-sisi ^M' . 0.2m - 

QgOil, QgaSOII LH^M A JIioib BOI 2J0I £PI 3IB¥HPh Mill SJAISfl Oil 5\X\£\I1 I Oil AH 1040°C5 5M§2! 

^Mi cfgi si°j ^h&si ?aoi xw?mt\. w&m, asm si^oii^ sot orh°i ^§ts26K)iiah cvdsoii °joH 0.3^5 
«iniB|««saaa. 

4:^^^: S1H2CI2/H2 ' 

Pf^^^: 0.5/180£/min 

80Torr 

950 C C 

0.3/Jn/min 

om: owmmm si#°i sas^oii mvmm °j6hah, 2oonm^i sio 2 soi mg£\5ZQ. 

HI 1^IB¥XH^ SiS HSOI LIB SDI&¥XH(HI 2^IB¥XH)SJ 531 e^SCH ^, 1 180 'C Oil AH 5MS^ ^xHdlS H&^^AM ^ 

25f3i aaa. 

blP^a^EHS &olX\ Q^mmH g/g ¥^2S ^l&¥ZHS M^oPI oH £l^e ¥01^^^MI ^ie¥XH^^ M£I£IS1CK 

3 ^HK Si^Sf^^Oil ¥Pil 0.2W°\ SiM 4 2i£C|. Oil III Sj a SOI 2 Oil CiSi Si°l ^S^J LH^OI gf^s^SXI &^^l ffH^Oll, 

0||ni^^#£J tif^^OilAH C^i Si^F efSHSCK ££ ^oHS Qg^#0| 0H¥ g* fc 2PI CCHSCHI, ^£1^011 §25 ^X| ?1H BSS SigOil 

U2£ y&Ch B^S Sig^i SHIS^HI 100JH XI § Oil AH 201±4nm^ e^S^I HA|£l2iCK 
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^±S?PIO||/H 1100°C^ 1 AIL^B mdW^Q. mX\Z}^^U\^0\\ °\oU S35£b 50/«a»2| 9^0||AH£j HIS»aO| 2t 0 

.2nm^3, M g5 |og ©ggj. SffflOIIHSI SSxSiCr. 

49%*tfj» 30*j«-tt»4*^2| ^^oho^ ofc^oj S3 0il^» Oil 2|oHAH HI 0|&¥IH^°l HB3HU0I JOHaQ. 3 ~ HI 1 ^l&S ^rkOjy 
HI ^oHAH HI 13|B¥fflU HI 23|»¥MS QAI Af§S 4^ aaQ. 

(^AlOil 11) 

Si^lOIIEIS ^?3ofe HI 1?ie¥XH°i fiS^ 0 r £H°l Sa»0||/H HFg™0{|AH S'A|£JCH 2>^s^aaCh 

^i^oii mm\tz hi mgiii ggs^ ^2: 

imA.cm- 2 

g^s^g^: HF:H 2 0:C 2 H 5 OH = 1:1:1 
AIZI: 0.1 min 

Q^m Si°l 0.02/^n 

omou s«afe hi 2Q^^se aasft - 

SOmA.-cm- 2 

^sf^g^j: HF:H 2 0:C 2 H 5 OH = 1:1:1 
A| ZJ-: 5sec 

s 

a^i Si°i ¥JHI: 0.1/m 

-0|# «g ^sf££2o|0ilAH, EWSJS 50 mA-cm 2 S MgohOI HI 2a§§! SiS^ HI ia^i§MCf ¥2^1 £J »H J£ E QSEf U 

a an, 3011 °JoH ^?S^o=a ^|o fc8 ^| gao. 

CI M0||, &J\ J\B¥-MJ[ tt±^mD\0\\M 400 1A|^gB g^slgilH^MI. QSi! Si°l l_HB^ ^sfej°=^ n|^£JS[CK 3^ 

HI Uie¥XH2h ^lOIIUfe Oil HI @!AIS XI Oil igOJXUH 4^^?PI6WI 1040°CS 5MSB ^SIS°s£M| HI IQg^ Sie^ diaSi! 

sigo^ ^aaaa. hi 2Qfii§g biasa b^s si#°j bjoii i^g^cK 

3 °0j|, 01331 blCfg^ Si 0|| ^ 0^H°J «§r2&2J8K)|| B^S SP* CVD(chemical vapor deposition)^ Oil £JoH 0.3w^M^ CHI HI « S 

^^3^: SiH 2 CI 2 /H 2 

' ' - • 0.5/1 80i/min 1 ' ' ^ ' - ' - - . •■ 

' 80Torr - - : . ' • 

950°C 
0.3/m/min 

QAI 0ilII|^£S9 SiS°J H£g<*0iib: ¥fll 20nm£| SiO 2 §0| g^»0|| HJoHAH UgaaCr. 
0|£^ ^3H^, SffilOinPI- HI 23I©¥XHSA| ^biaaCK 

HI Uie^Oil Si0 2 S2J SBOI HI 2^IB¥XH°I SiSBHI ^ijaoi ^, 1 180 c C0ilAH 5^§^ CHy^'M l^&^^Mi SitOI ^3 SMI 9 2i 

Q. 

S^EI 23H°i 3|»¥fl« ^^or^ ^?£¥Hi^AH°j S&?||0|fflfe 2CI5S1 HI 2Qgmm°^ PIB¥HiM ««W:?I ¥loH £l¥^# ¥ 

0|.&*H^ MdlSCK 

& 3 1 Oil AH#o> M2\ ^0|, Oil ffl « « SOI SOII 4^^?i:>IOllAH 9§2^Mi HI ICISi SiS ^£o\tz &X\9\ OIS^^ zpg^ xH^DI, 3011 

oh bicr^^ smm mgo\j\ ^ioh oiini^as^ ^^pi biag^ae ^^^cl 

3 Si^st&Oil 0.2W2\ SiSM 4= aaQ. BS§ Si#°j S^IS^2J 100^H AISOilA] ^§9 201 ±4 

nm^ 2^6 r ^i UEr!dCK HI 2^I^¥XH^2J blQS^BSS SiS^i S30I >j^^| CEH^Oil 1 100^CO||AH ^^^^I^IOilAi 1 AI2ISB <MX-\Z\Dl m 
oH^CK Sl^Zi-i* SOI HJoH « OH AH 2\ HISS30I ^ k 0.2nmaCK 

HI 1}|B¥H!^0II t^ofe fiB»il^ 49%M^^ 30%^<^lh4=^4S M*}*} ^1,^ Oil AH >fi ^jOIIU a^^AM HI^£iaCK 3^H=^ 4^^l 

^ioiiah hi o^yn& ?oii hi M\&¥i\\L\ hi 2pib¥xhs i\\A^m ^ aaa. 
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&d\ *t ^Aidioii^, hi }D\m^im m^o\o\ hi ^^m^Iw°^ gjssoii &j\ e!e& g§ a asm shhoii 2^h°j m 2D\B¥Mm mm 

oHl &?l g^53°^Ei 2JH°J HI 23IB¥XHS ^dl&^^Mj SODIB0I eAIOil »£f§| ^ %LQ. 

&D\ Oil Oil AH^, }|B¥XHM ^dle! ^OJI HI OIB¥IH0|| <d0[ Cfg^ Sieg HI3H5PI ^loFOI m*\Z\ U OliaSOl Mg^Ck 

CHIS^J S^OIfc OUSAIS/H. OhEHBJ <m ^ CHISJ ei^OI A^gii 4 s HP. 

&a»£h 

SaS^Ki^S^^^; 

g&2| SiOHS^S Ah8aifll0||£, P^H Si2| DH^ B SSOIIAHfe 0^ g£3»X| ^^OilHOI OI¥CH§! 4= aiCf. 
g*g2j aa 

6^1 AH^sh bhSI- «0|, g 8*8 011 D}20, HI 2}|B¥IH2] ^Blfi^Oil SUSOI :H°| &CH «E|He£| £j^20FU £^Oil£i§ a§f» 4* 9111, 

j\mm mm a^s ^ sip: 

(57) a »fl 

HI 0| HI 1#^IOj| eiSSHAH HI 2§i JtB HI 13IB¥XH» ^blofe 

HI 1:>IB¥H{M 6«l HI 2}|B¥HiOil gtofb 39 j»: 
6^1 HI 13IS¥XH» HI 23IB¥XHS ¥Z\o[H, &D\ HI 2#S &D\ HI 23IB¥IH&0II g^lfe g§§ ^tilom; 

&di hi i^iEwnia-a^i hi 2Dm¥i\\2).mz\t: &d\ hi lea- 6Pi hi 2#°i jiaoii hish ^o«ji^ ^§2s ofe ^fesi hi^^s. 
g^a 2. 

HI IS" Oil HI i:>IB¥Hi°l S3 Oil P3HS^M aa&- ^, 0| P3IJ32?£| S^¥HI ^¥§ til »Sa»8IIAI &J\ HI 2§i ti|P 

3H&EH^ egsm £HI HI 1§i P3S&EHS g&ofc ^SSS ofe 3|B°| HI^S. 

g^a3. . . 

hi laafaoi/d, hi iaa«aoii hish in* a api hi 2#°j 12^ aBs'oiia se^ aota'Ata afsofxi sto-ui^awnioii/H axieioii 

HI 1s> h 0il ^CHAH, HI ICf^^a^OI HI 1 CFSSSMO P3£2| HI 2P3SSS HI 13IB¥H12| 2 a oil m^^lH, 

hi icfgiii ttia^mmswM 401 hi 2§i &31 hi 2P3ne^oii ejssHAH a«sF£^ 401 hi 2§§ uiasaaais assfe 

HI 1^011 2iCHAi, 40| HI UIB¥XHH|"SSOil DS^aOl ^^£JH, b|Cf^^#S S&^ote &J\ HI 2S^ 0| ^PS^i ^shSl 

01 Oiini^^^^Oil 2| oH ^^£Jfe 3*m ^S2§ of^ ^IB°I HI^^S. 

HI 1^011 &CHAH, OI^^F^^ 40| HI HI 2#°J 5j|S0ilAi ^oHXI^ 3§ ^§2£ ofe ^|B°I HI^^S. 

7. 

HI 1^011 2iCH AH, HI OIB¥IHH] SSOil D^^#0| °, 0I Dg^e^i ^PS°J ^^01 ^§[92; 

01 p^^s°i ^^£i ^f»otoi hi^s^, oi paaasi ^^oi m^»s?i^ioii/d sxiaa 5ie ^§21 j\bs\ nsraa. 

8. 

HI 1a f 0il ^0]AH, HI ICfgi'f, 01 HI IC^iiMCf C|^£S ^51 HI 2C^ii, 01 HI 2Cfgi§MD ^ HI 3P^^# 

01 HI 15IB¥XH2I S3 Oil t^SH, 

OI HI m§§§8 blC^^sFHIH, OI HI 2Cfii§8 0| blP^^sf^ fi CHI 21 ^ 31 m fS2^ 6^ 3IB°l HI^^S. 
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hi saoii sjouh, ^, ic^^soi uictsastet oiiiiisigssoi ^oHxi^ 5ie sfe Hi^a. 

a^lMO. 

HI moil SiCHAH, HI )D\m^XW2\ S3 Oil aS^eOI 0| Cfgii°j ^S0| 4h»HH. 

a^?s 11. 

HI 10801 0||II|S!S«SS 01 ^ ai Oil °]6H UIQSSStS SSOllAi SoHXI^ S« 5fe 3|B2| h^b. 

a?a 12. 

HI mo|| &CHAH, 4^1 HI H?IB¥XH2| H^Oil Cfgiii 0| a^^§§ ^sfSfe SI 01 g*0| 01 Q>SS8S 01 QSIiHj S3I 

biaS^sfoPI flSKM d|£h£»fl:HO||A| ^XH£|M g*S«; 

Oi|H|i«^^S^ diaSSSFS SS01IA1 ^oHXI^ 31 ^§2£ ofe }|©2| HI^S. 
8?a 13. 

HI 1 & h 0]| SIOUH, &D\ HI 13|»¥fllfc 0| = CHXIfe 51 M ^S°S 5fe HI^^S. 

a?a 14. 

hi moii &ouh, &j\ hi i«e asanas oipoixife 5ie ^S2£ uiesi amsra. 

15. 

HI moll %LO\k\, HI 2#g diaSUHl^ OI¥CHXIi= 51 ^ f§2£ 8fe 3|»2| HI^S. 
a^?& 16. 

HI moil 9X0\k\, HI 2S^ dlOSae^aiSai- 3 Oil §£3 Aj^§og 0| = CHX|^ 5!M ^§2^ ofe 2I&BJ HI^S. 
a^^17. 

&D\ HI a^ia'EB EEbr m±M^^J\ OB §2^ Ol^OiXI^ 51ft ^S52^ ofe 3ie°l HI^^S. 

3^ 18. 

HI 1 ShOil £M HI 2#°l HSOISOil, HI aSHSLH°l ^ Oil AH ^»£|21 f 0| Cfgl§£| S3£| e»2| 

Ahoj Ah^o^oi Jj|:flafc 51M ofc ^ie°i Hl£g/S. 

a^f* 19. 

hi moii &ouh, hi zms m xn e.i o\\ °ish ^cnt as§Jg°i dips§»»osMi u^s enK oi dia^ums ms\ ssoii 3 

a ^8 20. 

HI 19&0II ^OUH, &D\ mxlZ\tz 4^LH0i|AH S8HX|i= 51 M ifS^S Sfe 3|»2| fl|Sf»a. 

" "a?* 21. • ■ — • 

HI m'OII »0|/d,-gei*£| ^7|-a-13IBS XHAfg£|b -Si "S2S SfeO-IEtSI fl|S»H: - - : * ' • - ^ - " ^ ~ 

HI 1S0II 2iOjAH, Ah^| ^£|^ ^o^ ( o]g- f £]Eh, ^^I^S, ^XH£|, <^sK &§ei^ ^OICH^gOll SJSH ^6HXI^ 51 M ^S2^ ofe ^ie°l 
HI moil &J\ HI 2D\&2\ 5jCH£ niS^H^g 6_^Aj £ ,a £ ^ ^£|aog OI^CHXI^ 5!M ^S^^ 3te }|5h°l HI^^S. 

a^?» 24. 

HI 1^011 2ICHAH, ^| 2^IB¥IHfe £^H^¥aH^ 0| = O1X|^ 28 -^S2S 6^ J\B9\ HI^^S. 

a?»25. 

HI 4S0II 2iCHAH, HI iagi§2| ^XHI^ HI 2Q^^#£] ¥^ilMQF 51 M fS25 Sf^ HI^^S. 
a^?S26. 

HI m^l ^^0|| £|6H HI^S 51M ^S^^ 6^ ^ie. 
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